POLYCHLORINATED BIPHENYLS
By Dr. E. S. Tucker
Presented by W. B.Papageorge

The research I will review today will focus uvpon one aspect of lon-
santo's efforts to understand the enviromuntal impact and behavior
of our polychlorinated biphenyl or PCH products.

This research was initiated early in 1969 after devalopmént éf the
nucessary PCB analytical methodology and subscquent confirmation of
Dr. Soren Jensen's identification of PCB residues in fish and birds
in Sweden.

At this point in time, PCB residue data from Monsanto and external
environmental monitoring programs indicated that at the previous rate
of usc and release of these products that some PCB homologs were
beginning to reach detectable levels in fish, birds and mammals.
Conversely, these data indicatéd to uz that with the oxception of
localized, controllable contamination, PCB homologa with less than
five chlorine atoms per molecule had not accumulated to detectable
levels: even though it was known that siqgnificantly greater amounts
of the PCB homologs with less than 5 chlorine atoms per molecule had
been manufactured and ugsed over the years.

Now, before discussing our biological studies, I would like to
review for you the grogs homoloyg comwwsiiion of our Arcoclor products
and then in a very brief fashior, try arnd illustrate Lo you the
complexity of these materials and hence the complexity of the
protlem. '

In the first slide (#1), is shown the most recent data on the weight

% composition of four of our Aroclor products as a function of each
detectable PCB homolog. ‘The first column on the left lists the
homolog in question and the subseyuent colunns under each product show
the weight ¢ distribution of each FCE homolog in each product.

As most of you probably know, with the exception of Aroclor 1016, the
last two digits of each product number reier to the degree of chlor-

inatfon. For examplae, Aroclor 1221 contains 21% chlorine by weight,

and 80 on.

Aroclor 1016 is a special case in that while it contains about 41%
chlorine by weight, its penta, hexa, and heptachloro biphenyl

conteat has been significantly reduced with respect to Aroclor 1242,
‘a prosuct produced by direct chlorination, containing 42t by weight
chlorine. Please note that the penta, hcra, and heptachloro biphenyl
homologs 4in Aroclor 1016 have been readuced by factors of about 8, 10,
and 10, respectively, with reference to Axoclor 1242,

As yo can also sece, the chief constituents of Aroclor 1221 are the
mono~ and dichloro bivhenyls, waile Aroclor 1016 and Aroclor 1242
contain predominantly di-, tri-, and tetrachioro Liphenyls, and
Aroclor 1254, tetra, penta, and hexachloro biphunyls.
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As I indicated caclier, ‘this table represcnts our most recent
efforts at detecrmining the homolog distribution of ocur FCB preducts
and as such a nuaber of you may hive scen estimations of the homolog
content of these products which are significantly different. 7The
analytical mothodoloyy used is currently in a very dynamic state

and our understanding of the contunts of these products increcases as
the methodoloyy is improved. At this point in time, pe regard theue
numbch ag the most accurate ones currently available.

In the next slide (#2) are shown examples of low resolution = packed
column electron capture chromatoygrams of Aroclor 1221, Aroclor 1242,
Aroclor 1254, and Aroclor 1260. This is what these products look
like to a residue analyst using the most commonly employed detection
system. :

From these chromatograms, it can be readily seen that we are dealing
with multi-componant products, which of course, increases the com-
plexity of assessing every aspect of this problem - relative to a
well defined single component system such as DDT.

I should mention at this polﬁt, that the PCB residues generally
found in wildlife are most similar to Aroclor 1254 and Aroclor 1260
chromatograms. ’

The next slide (#3) demonstrates that in reality, these materijals are
even more complex than is generally realized. In the upper right
porticn of this slide is again shown a low resolution electron capture
gas chromatogram of Arcclor 1242 under the optimum conditions

normally employed by residue analysts. Under these conditions, Aroclor
1242 would appear to be a 15 component system.

In the lower portion of this slide is a flame ionization gas chromato-
gram of the same material using a high resolution $.C.0.T. column.

If one carefully inspects this chromatogram, our simple 15 component
product has now been resolved into $5 different components.

These facts simply indicate that all PCB products cannot be lumped
together in terms of either their environmental impact or persist-
ence. '

The type of biological studies which we have carried out to date are
shown in the next slide {#5). For discussion purposes, they can be
conveniently divided into two categories: “"Primary Bacterial

- Degradation Studies®, an area in which research on PCBs is just
beginning, and "Residue Accumulation Studies”. Most of our bacterial
degra®ation work has beeh centered around the fairly well known semi-
continuous activated sludge degradation test.

Our residue accumulation studies have been fairly extonsive and have
involved the exposure of better than 2100 fish, chickans, rats and
dogs to the various Arcclor products; resulting in the collection of
over 1200 samples of which approximately 500 poocled samples were
eventually analyzed for PCB residues,

The prime objective of these studies is given on slide #6.
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olid~ 7. The scad-continuous activated sludge test procedure we
ugod to evaluate the primary bactcrial degradation rates of the
Mroclor products is the test method recommended by the Soap and
Detorqents Asgociation for the evaluation of the biodegradability
of linear alkyl henzcne sulfonate type surfactants [JAOCS 42, 986
{1965) & 46, 432 (1969)].

Primary Biodegradation ~ Minimum alternation of the
chenical structure of the material in question to an
extent that characteristic propcerties of the original
material are no longer evidont.

This procedure employs sludge from a sewage treatment plant as the
source of microorganisms to which a specific amount of the material
being evaluated and a synthetic scwage mixture arc fed on a
periodic basis in a specially designed aeration chamber. The next
slide (#8) graphically illustrates what the acration chamber looks
like. It is simply a large glass cylinder with provisions for
aeration, auxiliary stirring, a siphon for periodic removal of the
supernatant and a septum for introduction of the test material.

The mixed liguor (sludge + water) obtained from the sewage treatment
plant is initially adjusted with tap water to a suspended solids
concentration of about 2500 mg/l, and 1500 ml of this mixture is
then charged to the aeration chamber.

The mechanical cycle employed is shown in the next slide (#9).
Each cycle is initiated by the addition of the synthetic sewagu and
1 mg of the PCB product being tested.

Since the PCBs are gquite water insoluble, they are fed to the unit
via injection of 200 pls of a concentrated ethanol solution. 1In
this manner, homogenous dispersion of the PCBs on the bacterial
sludge is obtained.

After about one hour of aeration an aliquot of the mixed liquor is
withdrawn from the chamber and analyzed for PCBs via UV spectro-
photometry and/or electronh capture gas chromatography. Aeration is
continued for about 48 hours and a second sample is withdrawn for
analysis. At this point, the aeration is stopped and the sludge
allowed to settle, the sludge volume and pH are then checked to
insure that the unit is operating satisfactorily. Two-thirds of the
supecnatant is withdrawn and replaced with tap water; aeration is

* then resumed. The cycle is re-~initiated by the addition of the
synthetic sewage and Aroclor in guestion. This cycle is continuously
repesa.ed until a steady state and consiltent degradation rates are
obtayned.

The per cent degradation rate is calculatod as shown ln tho equation
on the slide from the amounts found in the samples analyzed during
each cycle. \

Degradation testing of the Aroclor products shown in the next slide
(#10) have been carried out over an eight month period in our
laboratories. In this slide, we have shown graphically the results
obsexrved to date. Here we have plotted the mean per cent degradation
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rotes for bipbenyl, Avoclor 1221, MCS 1043, a resecarch material
containing 307 by velqght chlovine, Avoclor 1016 (40 echliorine),
nroclow 1242, and Avoclor 1254 verous the veignt per cent chlorine
present in cach. %The ackual mean per cent: deyradaltion rates and
95% confidence limits for each material are shown in the lower left:
portion of the slide. Thece data‘'werc all obtaincd by UV spectro-
photometry which in essence follows the decrease in the aromatic
ring content and is indicative of bacterial ring cleavage. The
important point to note herc is that as the degree of chlorination
decrcases thc degradation rate increases.

In order to give you a feeling for the degradation rates observed
with other matcrials, Aroclor 1221 degrades at about the same rate
as a non-linear ABS surfactant.

We have also used this technique to study p,p'-DDT and have at this
point in time noted no significant primary degradation.

The next slide (#l1l) shows the changes in homolog distribution
observed for Aroclor 1242 via electron capture gas chromatographic
analyses. The upper chromatogram shows the character of the residue
one hour after eddition. The numbers above each peak indicate the
dominant homolog or homologs present in each. The lower chromatogram
is of the residue after 72 hours of exposure to the bacterial sludge.
It can be readily seen by comparing the two chromatograms that all
the dichloro biphenyls, most of the trichloro biphenyls, and a
significant portion of the tetrachloro biphenyls are degraded in 48
hours undur these test conditions.

‘Tha concluzions which we draw from this preliminary data are shown in
the next slide (#12).

Next, I will discuss our "Aroclor Residue Studies" (slide_lla).

Our white leghorn chicken studies (Slide #14) have consisted of a

90 day oral exposure. of Aroclor 1242, Aroclor 1254, and Aroclor 1260
at 1, 10, and 100 ppm feed levels and a repeat 90 day study of
Aroclor 1242 at the 2, 4, and B ppm feed levels. 336 Chickens were
employed from which a total of 521 tissue, chick, and egg samples
were collected, Of these 112 pooled samples were analyzed for PCB
residues, : ’

.In the next slide (#15) are shown the results of the 90 day oral
exposure of white leghorn chickens to Aroclor 1242. On the left
side, we have shown the oral exposure levelswhich were 1, 10, and
100 ppm, the theoretical residue in ppm, which would have been
found in the lipid if the chickens had retained all of the Aroclor
1242 vhich they orally injested. As you can see, there levels are
~125, 1250, and 12,500 ppm. Next is shown the actual average level
in ppia found in the 1ipid of the muscle, fat, and liver samples

and then the levels found after 30 days on a PCB free diet. The
impor:ant points to note are that Vv30% of all the Aroclor 1242
consured is directly excreted and/or metabslized and that after 30
days on a PCB free diet 35%, 44%, and 57V of the PCBs retained after:
90 days of continuous exposure at the 1, 10, and 100 ppm levels was
excrezed and/or metabolired. '
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On the right han¢ side of this slide is shown the homclog distri-
butinon of thz product fed and that of the residuns isolated from
. the tissues after 90 days of exposure and 30 days on a PCE free
‘diet.'' The numbers across the top simply rofer to the number of
chlorinc atoms per biphenyl molecvie. As you can see, Aroclor
1242 contains dominant amounts of the di-~ through pentachloro-
biphenyls and a‘'‘minor amount of hexachlorobiphenyl. After 90
days of exposure the dichlorobiphenyl was no. longer ohservable and
the dominant components were the tri- through pentachloro biphenyl
homologs. After 30 days on a PCB free recovery diet, the hexa-
chloro biphenyl is now a dominant component because of continued
excretion and/or metabolism of the lower chlorinated homologs.

In the next slide (#16) are shown the results for the 90 day oral
exposure of Aroclor 1254 in white leghorn chickens at the 1, 10,
and 100 ppm exposure levels. The theoretical residues are the
same a8 before and we have againshown the actual levels found in
the tissues after 90 days of continuous exposura and 30 days on a
PCB free diet. 1In this instance, ~70-72% of the Aroclor 1254
ingested was directly excreted and/or metabolized and after 30
days on a PCB free diet, v45% of the residues retained were
excreted and/or metabolized.

The homolog distribution of the product and residues is shown on
the right of the slide,’ the product Aroclor 1254 contains minor
amounts of the tri~ and heptachloro homologs and dominant amounts
of the tetra~, penta-, and hexachloro biphenyls. The residue after
90 days of exposure did not contain detectable amounts of the tri-
chloro biphenyls and the tetrachloro biphenyls were no longer a
dominant component. The dominant homologs were penta- and hexa-
chloro biphenyls. After 30 days on a PCB free diet, the tetra-
chloro biphenyls were now not detectable, the pentachloro biphenyls
were a minor component, and the hexachloro biphenyls the dominant
component . |

In the next slide (#17) are the results for Aroclor 1260. Again,
the oral exposure level and theoretical rosidue levels are the
same and the PCB residues found in the tissues after 90 days of
continuous exposure and 30 days on a PCB free recovery diet are
shown. After 90 days of exposure, S57-52% Of all Aroclor 1260
consumed, was directly excreted and/or metabolized and after 30

days on & PCB free diet ~40% of the residues retained were excreted
and/or metabolized.

As shown on the right, Aroclor 1260 contains dominant amounts of
penta-, hexa-, and heptachloro biphenyls and a minor armount of
octachloro biphenyl. The residues after 90 days of exposure and 30
days on a PCB free recovery diet contain minor amounts of the penta-
and octachloro homologs. 1In bLoth cases, the dominant nomologs were
the hexa- and heptachloro biphenyls.

| Our albino rat work (Slide #18) has consisted of 30 dav oral, 2 yecar
chronic oral and a 3 generation rat reproduction exposure study with
Aroclor 1242, Aroclor 1254, and Aroclor 1260 and a 90 fay subacute
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oral expvsure of Rvocloxr 1221, Approximatcly 1400 animals were
used in these expogure studiocs from which ubout 400 muscle, liver,
and fat samples wore collected. Two hundred of these samples were
anvlyzed for PCB residues., '

In the next slide (#19) are shown the results of our two year chroaic
oral exposure study of Aroclor 1242 in albino rats. The oral exposure
levels were 1, 10, and 100 ppm and the theoretical residues were

‘v800, 8000, 80,000 ppm, respectively. The actual residues found in
the tissue lipid are shown after 3, 12, and 24 months of exposure.
Comparison of the residues found after 24 months to the theoretical
residue levels indicates that 99% of the Aroclor 1242 fed was
directly excreted and/or metabolized at all exposure levels.

As is shown on the right, Aroclor 1242 contains dominant amounts of
the di- through pentachloro biphenyl homologs and a minor amount of
the hexa-. The residues after two years did not contain a signifi-
cant amount of the dichloro biphenyls and the dominant components
were the tri-, tetra-, and pentachloro biphenyl homologs.

In the next slide (#20) are shown the results of the two year chronic
oral exposure of albino rats to Aroclor 1254. The exposure and
theoretical residue levels are the same as with Aroclor 1242. The
residues found after 3, 12, and 24 months of exposure are also shown.
Comparison of the residues after two years to the amount ingested
demonstrates that 95-98% of the Aroclor 1254 consumed is directly
excretad and/or metabolized.

The homolog distribution of Aroclor 1254 and the residues are shown
on the right. Aroclor 1254 contains minor amounts of the tri- and
heptachloro biphenyl homologs and dominant amounts of the tetra-,
penta-, and hexachloro biphenyl homologs. The residues did not
contain detectable levels of the trichloro homologs and the tetra-
chlore biphenyls were no longer a dominant component. The dominant
homologs were the penta- and hexachloro biphenyls.

The next slide (#21) shows the the results for the two year exposure
of Aroclor 1260 in albino xrats. Again, the exposure and theoretical
residue levels are the same and the residues found in the tissues
after 3, 12, and 24 months of exposure are shown. In this case
93-95% of all Aroclor 1260 ingested was directly excreted and/or
metabolized.

The dominant homologs in Aroclor 1260 and the residues isolated
from the tissues were similar in all cases.

In order to demonstrate the relationship between residve storage
develr and the degree of chlorination of the product fed (slide $#22).
I have plotted the average ppm PCB found in the lipid vs the weight
per cent chlorine in the product fed. These data were taken from
our 30 day subacute albino rat studies with Aroclor 1221, Aroclor
1242, Aroclor 1254, and Arauaqt@lzso at an exposure lavel of 100 ppm.
As you can see, the residud, tegtqe levels decrease exronentially as
the weight per cent chlorine defteaseos, simply demonstrating the
relationship between the highsr:homolog content of an Proclor
product and the tissue stotage lavel.
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our bcagle dog studies (Slide #23) have consisted of a two year
chronic exposurc of Aroclor 1242, hroclor 1254, and Aroclor 1260
and a 90 day subacute study of Aroclor 1221. In these studies, 108
bengle dogs were used, resulting in the collection of 263 samples,
and the analyses of 146 for PCB residucs,

The next slide ("24) shows the results of one two ycar~study of
Aroclor 1242 at exposure levels of 1, 10, and 100 ppm. In this
study, the theoretical residue levels are ~500, 5000, and-50,800 ppm
respectively. We have also shown on this slide the residue levels
found after tvwo ycars of exposure and after 30 and 60 day periods on
PCB free recovery diets. The beagle dogs directly excreted and/or
metabolized 99.6% of the Aroclor 1242 consumed and after GO days on
PCB free diets, 50-60% of PCB residue retained after two years of
exposure was excreted and/or metabolized. )

Aroclor 1242 contains dominant amounts of the di-, tri-, tetra-, and
pentachloro homologs and & minor amount of the hexa~ homolog. The
rasidue found after two years of exposure contained no detectable
lovals of the dichloro homologs and dominant levels of the tri-,
tetra-, hepta-, and octachloro biphenyls, The pentachloro homolog,
although dominant in the product fed, was not a dominant component of
the residuc. After 30 days on a PCB frec reccovery diet, the ai-,
tri-, and tetrachloro birhenyls were not detectable components of the
residue. At this point, the dominant components were the hexa-,
hepta-, and octachloro biphenyls. The trend toward excretion and/

or metabolisn of the lower chlorinated homologs continued to the
extont that after 60 days on the recovery diet the hexachloro biphenyl
was no longer a dominant component, and the hepta- and octachloro oi-
phenyls beceme the dominant constituents in the residus.

In tho next slide (#25) are the results for the two year exposure of
beagle dogs to Aroclor 1254: The oral exposure and theoretical
residue levels are the same and the PCB residue levels found in the
tissues after two years of exposure and after 30 and 60 day periods
on PCB free recovery diets are again shown. )

In this instance, the dogs excreted and/or metabolized 98-99% of all
Aroclor 1254 consumed over a two year pericd. After 60 days on a
PCB free recovery diet, 30-40% of the residues retained were

excreted and/or metabolizod. 'The product fed, Aroclor 1254, contains
minor amounts of the tri- and heptachloro biphenyls and dominant
amounts of the tetra-, penta-, and hexachloro homologs. After two
years of exposure, the residue retained from the product aid not"
contain detectable levels of the tri~ or tetrachloro birhenyls, the
penta-, and hexachloro biphenyls remainad dominant components, and
the heptachloro biphenyls becane dominant constituents.

After 30 days on the PCB free recovery diet, the pentachloro homologs
became 2 minor component of the residue, the hexa- and heptachloro
biphenyls remained dominant components and the octachloro homologs
became a minor component. After 60 days on the PCB frse recovery
diet, the pentaciiloro biphenyls were excreted and/or metabolized to
the extent that the octachloro homologs became a dominant constituent
of the residue,
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-Phe next nlide (#26) shows the results for the two year oral
exposure residve study of Aroclor 1260 in beaygle dogs. The exposure
and theoretical residue levels arc the same as those for the Aroclor
1242 and Aroclor' 1254 studies. Next is shown the residues which
accumulated after two years of continuous exposure and the residucs
rntained after 30 and 60 day recovery periods on PCB free diets.
With this Aroclor 98-99% of the amount consumcd over two years was
directly excreted and/or metabolizcd, After 60 days on the recovory
diet V13% of the retained residues were excreted and/or metabolized.

The homolog distribution of Aroclor 1260 is as shown, dominant
amounts of the penta-, hexa~, and heptachloro biphenyls with a minor
amount of the octachloro homologs. After two years, the PCB residue
contains no detectable level of the pentachloro homologs, a minor
amount of the heptachloro biphenyls, and dominant amounts of the
hexachloro and octachloro homologs. After 30 days on the recovery
diet, the dominant homologs are now the hexa-, hepta-, and octa-
chloro biphenyls becoming a dominant component of the residue via loss
of some of the hexachloro biphenyls. After 60 days on the recovery
diet, the hexachloro biphenyls are no longer dominant components of
the residue and it is now mainly the hepta- and octachloro biphenyls.

The next slide (#27) illustrates the residue fall off as a function
of Aroclor and recovery period. These data are from the two year
beagle dog studies and tho exposure level is 1 ppm. In this graph,
I have plotted the average ppm PCB found in the lipid for Aroclor
1260, Aroclor 1254, and Aroclor 1242 after two years of continuocus
oral exposure and then after 1 wonth and 2 month recovery periods on
PCB free diets. This plot simply demonstrates that the PCB residues
rotained from Aroclor 1242 fall off more quickly than those retained
from Aroclor 1254 and Aroclor 1260.

The table in the next slide (#28) shows the relative ability of fowl,
small mammals, and large mammals to retain orally ingested PCBs.
These data are for Aroclor 1242 at the exposure levels and periods
shown. The concentration factor is calculated by dividing the
maximum PCB level found in the lipid by the exposure level. As you
can see from the factors, chickens retain PCBs to a greater extent
than do rats or dogs.

Our fish residue work is not very extensive at this point -
primarily because we have had problems in finding consulting
laboratories ccpuble of carrytnq out dynamic low level fish exposure
studies, and dly, government laboratories such as those
in Duluth, Minnesota, Columbia, Missouri, and Gulf Bree.e, Florida
were, and are, still in better positions to carry out snd evaluate
these types of studies.

We have done some very preliminaty 21 day dynamic exposures of cat-
fish and bluegill fingerlings to some of our Aroclor products and
it generally supports the conclusions vhich can be drawn from
literature data.

The general conclusions which we draw from thccc residue .cudie- are
shown in the next three slides.
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81ido €#29 - Build-Up ~ Conclusions
Slide #30 ~ Fall-Off =~ Conclusions
8lide 031'- Altoration of Homolog Distribution - Cenclusions

In summary, we feel that the results of our pteiiminnxy ressarch

 support, what has and is being observed via residue analysis of

environmental samples; that is to say, from a residue viewpoint,
that the bulk of the PCB homologs released to the environment (PCBs
with less than 5 chlorines) are subject to environmental degradation
of one sort or another at measurable rates and as such have not
accumulated. :

2. 8. Tucker
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TYPICAL % COMPOSITION OF |
POLYCHLORINATED BIPHENYL PRODUCTS *
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"Electron Capture Gas Chromatograms

Aroclor 122!

Aroclor 1242

Aroclor 1254

e —

Aroclor 1260

i

0 5 015 20 2% )
Elution Time (minutes)
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Electron Copture Gas Chromotogram
Low Resolution —6' Packed Column

Aroclor 1242

L 1 | I | | S |

0 2 4 6 8 10

Flome lonization Gas Chromatogrom
High Resolution —100' Support
Cooted Open Tubulor Column

Elution Time (minutes) MONS 044017




® PCB PRODUCTS ARE NOT A SINGLE
"ENTITY, BUT CONPLEX MULTI~
COMPONENT MIXTURES

@ PCB RESIDUES FOUND IN WILD
LIFE 'ARE DOMINANTLY PENTA-,
HEXA-, HEPTA-, AND OCTA-
CHLORO BIPHENYLS

@ PC8 RESIDUE ARE MOST SIMILAR
TO ARQCLOR 1254 AND AROCLOR
1260 PRODUCTS
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"PRIMARY BACTERIAL OEGRADATION STUDIES

@ SEMI-CONTINUOUS ACTIVATED
SLUDGE DEGRADATION

RESIDUE ACCUMULATION STUDIES

@ FISH - CATFISH AND BLUEGILLS
@ BIRDS - WHITE LEGHORN CHICKENS
'
@ MNAMMALS - ALBINO RATS AND BEAGLE
DOGS
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ASSESSMENT OF THE PERSISTENCE OF
POLYCHLORINATED BIPHENYLS

IN_BIOLOGICAL SYSTEMS
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AROCLOR SEMI-CONTINUOUS ACTIVATED

SLUDGE PRIMARY DEGRADATION STUDIES

P~
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- Semi-Continuous Ac
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1500 mi
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MECHANICAL CYCLE

SYNTHETIC SEWAGE
AND
AROCLOR (1mg) ADOED

AERATION AERATE
RESUMED .
SAMPLE WITHDRAWN
AND ANALYZED (Co)
b aaEaATN s DEGRADATION _ C-Cy
AP WATER ADDED RATE =, X100

\

SLUDGE VOLUME
AND
pH MEASURED

AERATE
48 WRS.

AERATION

STOPPED
SAMPLE WITHORANWN

AND ANALYZED (Cq)
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Ave % Degradation Rate (48hr Cycle)
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Semi-Continuous Activated Sludge
Degradation of Polychlorinated Biphenyls
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Semi-Continuous Activated Sludgke Degradation
of Aroclor 1242

1 Electron Capture Gas Chromatogrom
o 3 Residue - I hr. After Addition
. B of Aroclor 1242
‘ h
4 4

|

Electron Capture Gas Chromotogram
Residue —72 hr. After Addition
of Aroclor 1242

N SIS B S B

Elution Time (minutes)

MONS 044025




BACTERIAL
DEGRADATION
STUDIES

CONClU§l°NS

@ RATE OF PRIMARY DEGRADATION
INCREASES AS THE DEGREE OF
CHLORINATION OF THE AROCLOR
PRODUCT DECREASES

BIPHENYL>AROCLOR 1221>MCS 1043
>AROCLOR 1016>AROCLOR 1242>AROCLOR 1254

@® BIPHENYL, MONO-, DI-, TRI-, AND
TETRACHLORO BIPHENYL HOMOLOGS
UNDERGO PRIMARY BACTERIAL
DEGRADATION
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AROCLOR RESIDUE STUDIES
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WHITE LEGHORN CHICKEN STUDIES

90 DAY ORAL
AROCLOR 1242
PRODUCTS STUDIED ARQOCLOR 1254
AROCLOR 1260  AROCLOR 1242
NUBBER ) FemaLE 200 80
cuickens) MALE. o 16
MUSCLE 40 s
NUMBER) LIVER 4 s
OF ) FAT .40 s
SAMPLES) EG6S ~250 ~60
CHICKS 30 10
MUSCLE 1e 5
el Bl :
SAMPLES) Eods 1} -
ANALYZED) cpicys 1 10
TOTAL SAMPLES COLLECTED 400 121
TOTAL ANALYZED 80 .32

ORAL EXPOSURE CARRIED OUT BY
INDUSTRIAL BIO-TEST LABORATORIES, INC.
NORTRBROOK, ILLINOIS

MONS Q44028



RESIDUE STUDY OF AROCLOR 1242
“IN WHITE LEGHORN CHICKENS

90 DAY ORAL
HOMOLOG DISTRIBUTION

. _ PPN- PCBs 1 2 3 &4 5 6 7 & 9 10
ORAL EXPOSURE 1 10 100 -
LEVEL
+THEORETICAL ) - ' - - - -
s 126 .1260 12602 {(2) (3) (#) (5) 6
*RESIDUE, 12 WEEX 14 136 1312 - - - e - -
RESIDOE E 1312 (3) (4) (5) 6,
SRESIDUE, 30 OAY 9 77 749 - - (3) (&) () (6) - - - -

RECOVERY

+IF TOTAL PCB CONSUMED WERE RETAINED
*AVERAGE PPH IN LIPID - ALL TISSUES
( )ELECTRON CAPT“IE PEAKS GREATER THAR 5% OF TOTAL

MONS 044029




RESIDUE STUDY OF AROCLOR 254

IN WHITE 'LEGHORN CHICKENS

90 DAY ORAL

PPR PCBs

ORAL EXPOSURE 110 100
LEVEL
+THEORETICAL 126 1260 12602
RESIDUE ,

»
*RESIDHE, 12 WEEK 38 362 3506
EXPOSURE
*RESIOUE, 30 DAY 17 164 1580

RECOVERY

-HOMOLOG DISTRIBUTION

— — — ——— — — — — —— ——

3 () (56 7T -
. (56 7 -

5 (6) 7 -

+IF TOTAL PCB CONSUNED NERE RETAINED -

_*AVERAGE PPM IN LIPIO - ALL TISSUES
( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

MONS

044030




RESIDUE STUDY OF AROCLOR 1260
IN WHITE LEGHORN CHICKENS

90 DAY ORAL
~ HOMOLOG DISTRIBUTION

. PPN PCBs 1 2 3 4 S5 6 717 8 9 10
. - ———————————— —— — — ———— — — — — — —

ORAL EXPOSURE 1 10 100
LEVEL
+THEORETICAL - 126 126012602 - - - - (5) (6) (7) g - -
RESIDUE =T _

) *afSIONE, 12 NEEK 65 607 5909 - - - - S5 (6)(7) &8 - -
EXPOSURE . : .
*RESIDUE, 30 DAY 26 232 2363 - -~ - - 5 (6)(7) 8 - -
RECOVERY

+IF YOTAL PC8 CONSUMED WERE RETAINED
*AVERAGE PPM IN LIPID - ALL TISSUES
( )JELECTRON CAPTURE PEAKS GREATER THAN $% OF TOTAL

MONS 04403,

————— |




PRODUCTS STUDIED

NUMBER) FEMALE
OF RATS) MALE

MUSCLE
uugg:n; KIDNEY

) LIVER
SAMPLES) FAT

PUPS

sanpLes) LIVER

MUSCLE
'"g:‘“% KIONEY
‘ARALYZED) FAT

PUPS

TOTAL SAMPLES
COLLECTED

TOTAL ANALYZED

ORAL EXPOSURE CARRIED OUT BY

ALBINO

30 DAY ORAL

AROCLOR 1242
AROCLOR 1254

AROCLOR 1260

-t b
- X X 1.3 L0

PR g —y
- XX X ]

144

72

RAT STUDIES

2 YEAR

CHRONIC ORAL

AROCLOR 1242
AROCLOR 1254

AROCLOR 1260

500
500

33
33
33
33

33
33

198

INOUSTRIAL B10-TEST LABORATORIES, INC.
NORTHBROOK, -ILLINOIS

3 GENERATION
RAT
REPRODUCTION

90 DAY
SUBACUTE
ORAL

AROCLOR 1242
AROCLOR 1254

AROCLOR 1260

~20
~20

5. 5
S Oll‘ll

20

AROCLOR 1221

60
60

II‘NIW 1~~~

42

MONS 044032




RESIDUE STUDY OF AROCLOR 1242 IN ALBINO RATS

TWO YEAR CHRONIC ORAL !XPOSUI!

_ HOMOLOG DISTRIBUTION
pPMPCBs 1 2 3 4 S5° 6 1 .8 9 10

ORAL EXPOSURE T T T
LEVEL : .
+THEORETICAL 803 8037 80373 - (2) (3) (&) (5) 6 - - - -

"RESIDUE

TeRESTOUE, 3IMONTH 6 23 90
EXPOSURE

- 3¢ s - - - -

*RESIDUE, 12 MONTH 9 37 158
EXPOSURE

L]

@ WE e - - - -

-*RESIDUE, 24 MONTH 12 83 240
EXPOSURE

- (3)(4)(5) 6 - - - -

+IF TOTAL PCB CORSUMED WERE RETAINED
SAVERAGE PPN IN LIPID - ALL TISSUES
( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

HONS 04403 3



RESIDUE STUDY OF AROCLOR 254 IN ALBINO RATS

TWO YEAR CHRONIC ORAL EXPOSURE

HOMOLOG DISTRIBUTION

PPN. PCBs 1.2 3 4 5 6 71 8
ORAL EXPOSURE 110 100
LEVEL _
+THEORETICAL 803 8037 80373 - - 3 (4) (5) (8) 7 -
RESIDUE . _
*RESIOVE, 3 WOATH 13 94 679 - - - & (5)(8) 7 -
EXPOSURE
“oRESIDVE, 12 MONTH 24 189 1471 - - - & (5)(6) 7 -
EXPOSURE

- #*RESIDUE, 24 MONTH 42 - 355 3038 - -
EXPQSURE

4 (5)(6) 7 -

+1F TOTAL PCB CONSUMED WERE RETAINED
®AVERAGE PPN IN LIPID - ALL TISSUES
{ )ELECTRON CAPTURE PEAXS GREATER THAN S% OF TOTAL

MONS

044034




RESIDUE STUDY OF AROCLOR 1260 IN ALBINO RATS

TWO YEAR

. PPR PCBs

" ORAL EXPOSURE 110 100
LEVEL _

+THEORETICAL 803 8037 80373
RESIDUE

SRESIDUE, 3 MONTH 18 _ 134 970
EXPOSURE -

eRESIDUE, 12 MONTH 35 270 2099
EXPOSURE

*RESIDUE, 24 NONTH 59 507 4338

- EXPOSURE

+IF TOTAL PCB CONSUMED WERE RETAINED
- . SAVERAGE PPM IN LIPID - ALL TISSUES

CHRONIC ORAL EXPOSURE

HOMOLOG DISTRIBUTION

(5) (6) (7)
(s) (6) (7)
(5) (6) (7)

(5) (6) (7)

( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

MONS 044035



90 Day Subacute Oral Exposure
|oooJ_ ~ Study of Aroclor 1221, Aroclor
1242, Aroclor 1254, and Aroclor
. 1260 in Albino Ratls at the
L 100ppm Exposure Level

Fat, Liver)

‘= o~

Average ppm PCB in Lipid (Mu

SOOJ—

o _ ' L 1
2l 42 54 60

% Chlorine(My)  .oxs oesoas




PRODYCTS STUDIED

2 YEAR
CHRONIC ORAL

T-'BE-AGLE DOG STUDIES

90 DAY
SUBACUTE ORAL

AROCLOR 1242
AROCLOR 1254
AROCLOR 1260

AROCLOR 122

NUMBER ') FEMALE
OF DOGS) MALE

NUMBER ) MUSCLE
oF LIVER

SAMPLES) FAT

TOTAL SAMPLES
COLLECTED

NUMBER
of MUSCLE

LIVER
SAMPLES
AnALYzED) FAT

TOTAL ANALYZED

40
40

54
54
54

242

42
40
43

12§

ORAL EXPOSURE CARRIED OUT BY
INDUSTRIAL BIO-TEST LABORATORIES, INC.
NORTHBROOX, ILLINOIS

2 ]

1
1

l -~~~

21

~N N~

21

MONS 044037



RESIDUE STUDY OF AROCLOR 1242 IN BEAGLE DOGS

TWO YEAR CHRONIC ORAL EXPOSURE

HONOLOG DISTRIBUTION

, PPM PCBs . 1. z' 3 4 &5 6 7 8.9 10
ORAL EXPOSURE 1 10 100
LEVEL
+THEORETICAL 519 5186 51865 - (2)(3)(4)(5) 6 - - - -
RESIDUE
. "RESIDUE, 2 YEAR 2 V 6. 12 - - (3) (4) 8§ 6 (7) (B) - -
EXPOSURE , »
*RESIDUE, 30 DAY 1 4 10 - -« - - 5 (6)1(7) (8) - -
RECOVERY
*RESIDUE, 60 DAY 0.8 3 6 - -« = <« 8 6 (7)(8) - -
RECOYERY

+IF TOTAL PCB CONSUMED WERE RETAINED
*AVERAGE PPM IN LIPID - ALL TISSUES
( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

MONS 044038



RESIDUE STUDY OF AROCLOR 1254 IN BEAGLE DOGS

TWO YEAR CHRONIC ORAL EXPOSURE

HOMOLOG DISTRIBUTION N
PPM PCBs 1 2 3 4 5.6 7 8 9 10

ORAL EXPOSURE 1 10 100 - T
LEVEL

+THEORETICAL 519 5186 51865 - - 3 (4) (5) () 7 - - -
RESIDVE ,

*RESIDUE, 2 YEAR 7 30 32 - - - = (5)(8)(7) &8 - -
EXPOSURE : , o

*RESIDUE, 30 DAY 5 24 109 - =~ - - 5-(6)(7n 8 - -
RECOVERY

*RESIDUE, 60 DAY 4 20 88 - - - - 5 (6)(1)(8) - -

RECOYERY

+IF TOTAL PCB COISUI.lED MERE RETAINED
" SAVERAGE PPM IN LIPID - ALL TISSUES
( )ELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

MONS 044039




RESIDUE STUDY OF AROCLOR 1260 IN BEAGLE DOGS

TWO YEAR CHRONIC ORAL EXPOSURE

HOMOLOG DISTRIBUTION

PP¥ PCBs 1 2 3 4 5 6 7 8 9 10
ORAL EXPOSURE 1 10 100
LEVEL

+THEORETICAL 519 5186 51865 - - - - (5) (6) (7) 8 - -
RESIOVE :

*RESIOUE, Z YEAR 8 63 38 - - - - - (6) 7 (8 - -
EXPOSURE

*RESIDUE, 30 DAY 7 60 363 - - - - - (6)(7) (8) -~ -
RECOVERY

*RESIDVE, 60 DAY -7 55 337 - - « - < 6 (7)(8) - -
RECOVERY .

+1F TOTAL PCB CONSUMED WERE RETAINED
*AVERAGE PPM IR LIPID - ALL TISSUES

{ )ELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

MONS 044040




0

o
(=]
T

Average ppm PCB
Lipid (Muscle, Fat,Liver)
S

*

=Y
—T

Two Year Chronic Oral Exposure
‘in Beagle Dogs
(at The 1ppm Feeding Level)

-0 Aroclor
1260

Aroclor
1254

—O Aroclor
1242

i 1 - |

- ! 2
: o%ﬁts onths Month
xposure , ecovery Recovery

MONS 044041



WHITE .
LEGHORN
CHICKENS
ALBINO RATS

BEAGLE' 00GS

*CONCENTRATION FACTORS DO NOT TAKE INTO
ACCOUXT EXPOSURE PERIOOS

EXPOSURE _ EXPOSURE CONCENTRATION
LEVEL (PPM) PERIOD FACTOR®
1.0 (FEED) 12 WEEKS 20
1.0 (FEED) 2 YEARS 9
1.0 (FEED) 2 YEARS 2

NONS 044042



CONCLUSIONS ‘

RESIDUE BUILDUP STUDIES

FOR ALL PRODUCTS THE PCB RESIDUE LEVEL IN-
CREASED AS THE E!POSURE LEVEL AND PERIO
INCREASED

RELATIVE TO AROCLOR 1260, THE HIGHEST
CHLORINATED PRODUCT STUDIED, THE PCB
RESIDUE LEVEL DECREASED EXPONENTIALLY AS
AS THE WEIGHT X CHLORINE OF THE PRODUCT
DECREASED

e ———a

RELATIVE LEVELS OF PCB RESIDUES FOUND WERE -
FISH>>>>>CHICKENS>RATS>DOGS

RELATIVE PCB RESIOUE LEVELS IN TISSUES WERE -

CHICKENS  FAT = MUSCLE>LIVER
RATS LIVER>FAT = MUSCLE>XIDNEY
006S LIVER>FAT = MUSCLE

FOR ALL PRODUCTS THE DOGS AND RATS EXCRETED
AND/OR METABOLIZED 93 TO 99% OF THE TOTAL
AROCLOR ORALLY INGESTED

CHICKENS EXCRETED AND/OR METABOLIZED
PRODUCTS INJESTED ORALLY AS FOLLOWS -

90% OF AROCLOR 1242
70% OF AROCLOR 1254
50% OF AROCLOR 1260

MONS 044043



CONCLUSIONS

RESIDUE FALL-OFF

'@ DOGS AND CHICKENS CONTINUED TO
EXCRETE AND/OR METABOLIZE PCB
RESIDUES, INCLUDING PENTA AND HEXA
HONOLOGS, RETAINED WHEN PLACED ON
PCB FREE RECOVERY DIETS

DOGS > CHICKENS

©® RELATIVE RESIOUE FALL-OFF RATES
SHOMED -

DOGS: AROCLOR 1242>AROCLOR 1254
>AROCLOR 1260

CRICKENS: AROCLOR 1242>AROCLOR
1254>AR0CLORT 1260

MONS

064044



CONCLUSIONS

RESIDUE STUDIES

ALTERATIONS OF
AROCLOR HOMOLOG DISTRIBUTION

ALTERATION OF THE HOMOLOG DISTRIBUTION OF
ALL PRODUCTS WAS OBSERVED IN ALL STUDIES
EXCEPT FISH

LOWER CHLORINATED HOMOLOGS PRESENT IN ALL .
PRODUCTS WERE PREFERENTIALLY EXCRETED
AND/OR METABOLIZEO

ALTERATION OF THE HOMOLOG DISTRIBUTION
INCREASED AS THE WEIGHT % CHLORINE OF THE
PRODUCTS DECREASED (INCLUDING PENTA AND
HEXA HOMOLOGS)

AROCLOR 1221>>AROCLOR 1242>AROCLOR 1254
>AROCLOR 1260

DOGS>RATS>CHICKENS>>>>>FISH

MONS

044045



